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OBJECT

To investipate the effect of varying the flectette size and
the cone anple of dispersion o the lethal povential of a round
of 75 mm canister ammunitiun,

SUMIARY

The 75 mm canister, T30 series, was analyzed vsine the lethal=
area, single-s'ot concept, Velocity decay curves und a yrovisional
casualty criterion from the data in the available literature were
estimated and were used lor £l ir purpos Ti¢ caleviations revealed
that an 8-prain frapment and a cors anele of dispersion of A0 will
produce the most ef“ective wcaren for bie firet 1000 feet of range;
the exrected letlal area for this combination is 29,000 square feet,
an eighteenfold inerease over tlie T30R2 ball-loaded canister pre-
viously submitted to the Tield Forces. Tne calculations further
shored t'at for that porticr of the field of fire erxtending to the
maximum lethal ranpe a larger fragment (feavier than 18,5 prains)
and a smaller cone ancle (aprroximately 10) will produce tle
greatest number of enemy incapacitations, The lethal area for this
combination is aprroxirately ©%5,000 scuare feet. Only 14% of these
incapacitations will, ! owever, occur to troops in the first 1000
feet of range, where t!'e preatest threat from a massed infantry
assault exists,

o e

il
;

-~

RECOMMENDAT IONS

It is recommended that this analysis be repeated vhen more
refined data btecome available and that tle tent-tive conclusions
then be re-examined,

1
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L0DUCTION

1., The vork descriied in this rerort was rerformed under
Project TA1-90C3, Resaur: i Dewdopment of Fin-3tabilized
Frarments and Proje-t.ies, Tre ma, e a7en12s involved are Picae-
tinny Arsenal, Dover, Hew Jerssy. Watcrtown Arscnal, Matertowrn, Massa-
chusetts; and Internationai Harvester Compuny, Pvansville, Indiana.
This work is rart of t' ¢ resear.’ jhase of U e optimum canister ame=
munition yropram for ~aliters ranpging from 40 mm to 120 mm. The 75
mr T30 canister is tle yrototyre for ultirats conister ammunition de-
sipn in all other calibers

L]
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2. The problem vas to investipate the affect of varying flechette
size and cone angle of dispersion on the lettal potential of a round
of 75 mm canister ammunition, The method of analvsls c¢' osen was the
single-shot defensive lethal area conzert {Refs 1 and 2) dictated, in
tre case of tank systems. by t'e stowage rriblems irherent in special-
purrose canister ammucition,

3., To arrly to fiellette-loaded canister the same analysis that
had rreviously been used to evaluate balleani=slup loaded items, it
was necessary that the following data be availables

a, Fragment damape and payload data

b. Initial fragment attitude (or vaw angle) Fata

2o Velocity fecav data for all angles of initial attitude

de A casualty criterion for assessing tre lethal effect of
a single dircctionalized frapment

L. 1t was also necessary to develop a statistical method of adding
the contributions of each group of fragments (classified by initial at-
titude) to obtain t'e total effect of all fragments at each range. This
calculation was not reguired for hall-loaded canister, since all spheri-
cal fragments lave cssentially the same velocity dezay characteristics,

5. Much of the data used in the present report was eitler inter=-
polated or estimated, and therefore the calculations and conclusions
drawn can serve only as order=-cf-magnitude aprroximations., Within this

framework, however, several important conclusions can be reached re-
gardings

2
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a, The effectivencss of flechette-loaded canister as com-
pared with tle equivalent, ball~]oaded canister,
b, The efect of varying the cone anple of dispersion,

6, Precise calculations reparaing "optimum" cone angles and
"optimum" flechette weip:ts must awalt mere refined data. However,
it is considered trat reasonahbls results are obtained ‘erein,

TI'R_FAMILY OF FLECI'RTT®S STUDIED--FARAITTRRS COI'ON TO ALL

053

7. The parameters zomren to all designs studied in this report
are summarized in Tatle .. Thc¢ maximam cone anple of disrersion
(13.589) and the pavliovaa L.ik) bat i-ern previously attained vith
the 75 mm canister, T30Wi0 (Ref 3). With t'is desipn, approximately

¢ of tle fraogments 'ere damased ir firing, However, it ayrears

/ t v ; 3 i
reasonable to assume that t!'is percentage wili be reduced as the de-
velopment rroceeds, A damage figure of 20% was, therefore, assumed

P £ £ 9 9

and used throughout t'is study, (Tris corresponds to an effective
payload of 4.8 1bs per canister, All damaged fragments are assumed
to be ineffective,)

8. The aprroximate dimensionsof the family of fiecghettes
studied (6 - 18.5 grains) are piven in Table 2, Tle dimensions of the
8-grain fragment correspond to International Harvester Company design
FL=-17; the dimensions of the 1% and 18,5-grain fragments correspond to
Rheem Manufacturing Company models 10f and Xb, respectively., All
other weights are scaled from these designs. A oualitative sketch of
the family of flechettes is shown helow,

\mp._._/

9. The choice of dimensions for scaling the flechettes was largely
a matter of judgment. A search of the literature failed to reveal any
close agreement among the various contractors involved in developing
weapons using flechette loads, except t'at all were agreed the fragments
should have four fins, Most zontractors were also apreed than an all-
steel, straight=bodied frapment would be satisfactory. A tapered hody
or a weighted nose frapment had previously been tested by several con=
tractors and been found to be of marginal value, One contractor strongly

s

T e A




et At ST AN 2

SECRET

recorrended the use of steel nose, plastic boom and fin assemblies;
anotier considered the nse of h-ass frapments; and a third advocated the
use of all steel fragments, =it vith 2¢ canted fins. Any of trese
medifications wiglt Fewe o signitizant 2ifest on the pv'formanrg of
the weajon, frem WALE o aeregeamd o otaadoeiat Wi 2 wonnd ballisties
standpoint. However, 1ir is considered that rone wou“d 1nvalidate the
findings of this order-oi-magnitudc stuly. The wound ballistics es-
timates used in this report were hased in part on porformance of the
Armour 8-grain fragmeri wei: har 4 wose anzls of about 456, Since
this vsriable is thouglt to nave cons 14 rabie iariusawss on the pene-
trating ability of t'e frapmsnt. it 1s suprested that it he made a
comnmon feature of the family of {lezhettes,

INTTTAL FRAGL™IT ATTITIDE AND VOLOCITY DRCAY DATA

10, The velozity decsy of a {innsd fragment depends on the fol=-
lowing factorss

a, Initial attitudgs,

b. Initlal velocity, ‘ :

c., Weiglt of fragment,

d, Distance tetwesn center of pressure and center of gravity '
(controlling before stabi*¢tg i achieved, if fragment is
unstably launcled).

¢. Drag inducing contour (controlling after stability is
acl ieved).

f. A1l other factors including initial angular velocity,
¢rosa-winds, etc,

11, Among the earliest contrastors to recognize this condition i
was A. D, Little; Inc., engaged in developing a warhead for a rocket i
application, Aftor gome rreliminary thecretical work (based on maxi-
mizing the distance between center of pressure and center of gravity),
experimental firings of individusi fragments of more than a dozen de=-
signs were conducted. Fragments were launched both fin=first and
point-first, and botl superscnically and subsonically. This work,
which is summarized in Reference 4, has found little general application, '
however; becauses

a, All fragments were limited to an 8 grain weight, and
k., The range over which data was obtained was only 100 feet,

12, Some tyrical velocity decay curves for A. D, Little flechettes
are reproduced in Figures 1 and 2. To provide a common basis for com-
paring the velocity decay curves of all contractors, it was necessary
to extrarolate the data to a common initial velocity, 2030 £i/sec.

The accerted drag ecuation, V/Vc ®=e “KR yas used for this purpose.,

L d
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13, Shortly after t'e A. D. Little investigation, a completely
theoretical study of tie behavior of finned fragments under different
conditions of initial launch was yrerared by Aircraft Armaments, Inc.
(Ref 5). Among t'e fields investipated in this study weres velocity-
range losses due to initial anpular velocity (tumbling), range at
which tumbling ceases and oscillation starts, and velocity-ranpe losses
due to oscillation. Some theoretical equations were also presented for
stably launcted fragments., Among the more important conclusions
reached was that a fragment launched wvitl ar anguiar veiocity of less
than 1000 radians rer second will hehave in essentially the same vay
as a fragrment launched fin=first (@=7) with zero anpular velocity.
A curve vas also furnis'ed for a fraprent launched sideways (@ l!'77'/2).,
This fell betveen the @ = and @ * C curves but closcr to @= I
curve,

1. Aircraft Armaments' thecoretical curves were for a l6egrain
fragment, The @=# and # = O curves for this fragment are re-
rroduced in Figures 3 and 4, resrectively, Subsequent investigations,
by Rheem l'anufacturing Company (Ref é) and later by Aircraft Armaments
(Ref 7), revealed that the ® =T curve predicted too rapid a fall=-
off and tre ﬁ = 0 curve too little fall off. The latest Aircraft
Armaments designs (models D and ¢, whose velocity decay characteristics
are also shown on Figures 3 and 4;, when tested experimentally over
a 300-foot range procduced results which are fairly consistent with

thte findings of Rheem Vanufacturing Company. The latter weighed ap-
rroximately 11 grains.

15. The most extensive velocity decay data was gathered by Rheem
Manufacturing Company (Ref 8). Rheem's data covered two fragment weights,
18.5 and 12 prains (models Xb and 10f) and included a considerable
range of initial velocities (the highest 2400 fps). The data, which
were collected over a 700-foot range for the fin-first firings, were
extended to about 2500 feet by riecing together adjacent nose-first
curves, Unstable and stable launch curves for tlese fragments are
given in Figures 3 and 4, respectively, Rheem also extrapolated this
data (using the drag equation discussed previously) to obtain curves
(Figs 1 and 2) for an 8=-grain fragment (model 10b),

16, Additional velocity cecay data available at tle time of
writing included some estimates by International Harvester Company
for an 8-grain fragment (personal cormunication), These curves (Figs 1
and 2) are fairly consistent with 4, D, Little's data and Rheem's
extrapolation except that the final velocity fall-off aprears to be
too rapid. In addition, some experimental data for a 22-prain fragment
(model FL-7A) were obtained over a 75~fcot range (Ref 9).

However,
these data (Fig 4) are too limited to be conclusive,

sizedny
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17, Of al) tre data available, tre curves of Rheem Nanufacturing
Compan arjear to be most reliable, Threse are reproduced as solid
curves on Fipures 5 and ¢ for st.ble and unstable launches, resyectively,
The das}ed curves for 6, 10, 14, and 16 grains are interpolated, It
is to be noted that tlese curves dc not necessarilyv rerresent the family
of fleclettes studied in tlis repors, rarticularly in the range of 6-10
grains, However, vitlin tle framework of an order-cf-mapgn’tude analysis,
they are considered adecuate,

18, Data on the initial flezhette attituvde distribuvtion were
completely lacking., It was considercd reasonatble to assume, hovever,
that no fragments would be laun<hed with an arpuiar velocity greater
than 1000 radians per second, and trerefore, tle worst condition of
launch would be the fin-first (& = #) curve. It was further hypo-
thesized that tre distribution of initial flechette attitudes would be
essentially random between the limits of the 9 e curve and tre ﬁ =0
curves, and that this conditicn would be relatirely unaffected by the
method of stacking the fragments within the container, As an approxi-
mation, therefore, 1/3 of the undamaged fragments were assumed %o be
launched with a @ =% attitude, 1/3 with a # = #/, attitude, and 1/3
with a # & 0 attitude. The velocity decay for tte @ = 77 /5 launch
was taken as midwav between tre othar two curvese

19, Considering the type of analysis conducted, tlre assumptions
made regarding the distribution of initial flechette attitudes will
not lead to serious errors., This is particularly evident upon close
comparison of Fipures 5 and 6, The difference in equivalent range be-
tween a stable and unstable launch is usually no more than 150 = 300
feet, considerably less than one might expect. The stable launch curves
apparently drop off quite rapidly, initially, since the velocities are
in_the critical region of Mach numbers., This is t)e same region in which

S and & = /., launches show a large velocity drop due to

stabilization. Henc€, essentially the same conclusions would have been

reached regardless of the assumpbtions made concerning tre initial
flechette attitude distribution.

4 PROVISIONAL CASUALTY CRITERION FOR DIRECTIONALIZRD FRAGMENTS

20. The family of curves (Fig 7) entitled "Provisional Probability
that a Single Hit Will Incapacitate Assault Troops", are inferred from
data yresented in Table IV of Reference 10 for the Armour 8-grain

flechette, Tt is estimated therein that tle 8=-grain fragment will per-
form as followss

6
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Incaracitation Time: 30 secs 5 mins 30imps 12 hours

Under 200 fps w=wee—w-Tneffective=~e--
STRIKING 450 fps 0 Al 0,14 0.18 0.26

900 fps 01 0.24 0.29 0.41
VELOCITI™S  900~1800 fps Be1? 0,24 0,29 0.41

Over 1800 fps More effective because of 1ikellhood of

tumbling in the wound.

] 21. The generalization to flechette weipits otler than 8

. prains, is made on the assumption that penetration intc human

| tissue is yrorortional to ¥V/A (for non-tumbling fragments) and tlat

{ equal penetrations will result in equal rrobabilities of incapaci-

‘ tation (PI K)° As in Reference 1 (for random-shaped fragments),
the data }éve been plot*ed on a semi-logarithmic scale with time

‘ to incapacitation as abscissa and MV/A as rarameter. The data ‘rave
again been found to correlate to streaight lines, The “ashed lines

; shown in Figure 7 are interpolations,

are apylicable only to fragments duplicating the nose contour of the
Armour fragment (45° nose anple). Data recentlv rresented by the
Chemical Corps incicate trat serious feviations from the MV/A

‘\l correlation vill result from disregarding this limitation.

\ 22, As mentioned rreviously, it is sugrestcd thrat tle data
!

[ MODIFICATIONS TO STATISTICAL THEORY PRTVIOUSLY TSED FOR CANISTER
' EVALUATION

23. Since it was assumed in this analysis that essentially three
groups of effective fragments are simultaneously Jaunched (9-: W,

g = 7/2, and #=0 ), it was necessary to develop a method of adding
tre contributions of three grours, to obtain the total rrobability of
incapacitation (Py) at each ranpe, Rigorously,

e

Px ={Px 17)("PKO)("PK#/Z)*(PKO)U *Fi 77'>“"PK7/2)+(PK'])‘/z)("PKw-)(" PKo)
+(Peqr Po)1-Par/e )+ (P Pam/e) (1~ Pro) + (P Pr/z ) (1= Pig)
H(Pcar Pro Prar/z)

Pk=Pxmrt Pkot+ Pxar/z = Prar Par/z = Par Pko ~Pro Par/z + Pemr Pro Pre

7
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24, Tre individual Pg's of each proup can be readily evaluated
by the ‘inomial tieorem as follows (Ref 2)¢

E
PKw*:,‘('“PH;KZ’) H

E
Pko = I~ (I~ PH,Kp) Ho
PK‘:’TZ': ,_(l-PH)KW/Z) EHW/@ where By is the expected

rumber of hits per target
in each proup,

\

' 25, For tte type of aralyeis sontained in this report, it is
more convenient Lo substitute t'c¢ Poisson ayrroxsnation for the
binomial distribution, since simplified namerical rrozedures will
result, Hences

|
' PK =l-e” EK where Fy is the expected number of incapacitating
wounds per target,

Ex=Exar+ Exot Ek/z = (Ena Pr k) +(Eno Puyko) +(Erm/z PuKa/e)

However, since it has bearn assumed tlatus
Elw =Enm/2 =EHo AND Ey=Exy+ EHotEng/2
S =B (R + Py ko + PH,K/2) ’E_gﬁ (2 Prk)
AND Py = |-¢ S (S Py k)

26, All other statistical calculations are the same as those
given in References 1 and 2,

SAMPLE CALCULATION

27, A sample calculation for an 8-prain fragment, a cone angle
of 89, and at a range of 400 feet is as followss

< ° : o 9 5 Ll Rel (\‘-/ = -qx !
a, T = time to incapacitats = Y, 400=100 = 0,33

60 Vi 60 (15)  minutes
Ve is assumed velocity of advancing enemy = 15 fi/sec.

b, Fragment velocitiess
Vo= = 560 ri/sec (Pigure 6)
VO = 0 = 1050 rt/sec (Figure 5)
vﬁ =7f/?- “‘vﬂ =W’a+v€= 0 =805 ft/sec,

23

L&)

SECRET

R e




SECRET

c. N/A = 8/.00619 = 1290 gzrains/in2 M is mass of frag-
ment in grains

e MVyr = (1290) (560) = 0.723 x 1006 A is projected arga

A of fragment in in
MV,

—2 - (1290) (1050) = 1.36 x 106 Vs velocity of
A fragment in ft/sec

MV
A7r/2m (1290) (805) = 1.04 x 10

w e. PH,K?)' e 0,125 (From Figure 7)

PH,Ko = 0,157
PH,KW/Z o 00156
2PH7K o 00438

f. =SSN =8 N = (5.35) (4200) 2 9,3 hits/
Fues [zv RZ (1~cos cx] (400)% (.0024)  target

where S = area of target = 5,35 R

| N = effective number of fragments = 4200
A\ R = range ® 400 feet
‘L &= 1/2 cone angle = 4°
g.EK=§3ﬂ(€ PH,K) = ( 2,?2 ) (.438) = 1,36

he B =1 =Bk 23 wom1e36 & (.73
hOEEPKR LA () (so0) = s et
90
RESULTS

28. Plots of TH50 PKR have been made for 7 weights of flechette
(6,8,10,12,14,16, and 18,5 grains) for each of 7 cone angles of dis-
persion (10,2°,30,50,80,110, and 13,69) and are shown as Figures 8-14,
A similar plot for the T30E2 ball-loaded canister {cone angle 13.6°)
is also shown for comparative purposes (Fig 9).

7
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29, Thre areas uncder tle above curves have teen computed for two
1imiting conditions, 100 feet tc tle full maximum Jcthal range and
100 feet to 1000 feet, Tie results (lethal arca in souare feet) are
tabulated in Tables 3 and 4., T'¢ lethal area for tie T30B2 canister
is 1620 square fect,

30, Lethal arca for tle two lamiting -onditicns descrited above
is rlotted apainst flcchette veigtt {vit! cone anple as yarameter) in
Figures 15 and 16. A conziderabls szavtering of points in tle range
of 8-10 grains was obtained but a smooth carve was estimated. Scattering
in the 8-10 grain range was probably due o unecual scaling of dimen-
1 sions between tl'e Rheem 12-prain (modsi 10f) arnd the International
Harvester Company 8-grain (Jesign FL~17; flechettes,
|
!
t

31, Since the entire family of curves on Figure 16 reached
maxima at about 8 prains, the lethal areas for this weight were plotted
against cone angle (Fig 17) reaching a maximum at approximately 6°,

DISCUSSION

reveals that the maximum lethal area is reached at a very small cone
| angle (1-2°) and at a large flechette weight {heavier tian 18,5
grains). The maximum lethal area (approximately 65,000 square feet)
is more than twice that obtainable with the optimum flechette size
(1C grains) for the maximum cone angle, Tre trend indicated b this

family of curves is: the wider the cone angle the lighter the
optimum fragment.,

l

\ i 32, Fxamination of the full-range lethal area plot (Fig 15)
1

|

!

h 33, Deeper reflection reveals, however, that a misleading con-

4 clusion has been reached. The tactical sitvation for which the am=~
munition is intended (defeat of a massed infantry assault) calls
primarily for close range defense beginning at about 1000 feet from the
weapon, A massed infantry assault oven though it began at ranges of
3000 feet or more would probably be totally invisible to the de=-
fending crew until the closer range is reached (Ref 12). It arrears
advisabie therefore to cut off the lethal area integrations at 1000
feet and re-examine the conclusions,

34, TFigure 16, the plot of the latter condition, yields a com-
pletely different result, The ortimum flechette welght is now aprroxi-
mately 8 grains regardless of the cone angle., Furthermore, a cone
angle of 13,60 will yield 3 times tle number of incapacitaticns that a
1 cone angle will., It is especially noteworthy that only 14% of the
incapacitations obtained for full range with the combination of 18,5
grains and 1° will occur in the first 1000 feet. Thus, the area in
which the preatest destruction is desired is the least affected,
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35, The rlot of lethal area vs cone anple for t!e optimum
flecrette weigtt (Fig 17) reveals 69 to provide maximum lethal area,
Angles smaller tran 69 yield a rapid fall-off in lethal area while
larger angles result in 2 much less rapid decrease, Thus, the maxi-
mum cone angle (13.£9) yrovides 23,000 square fect of lethal area,

a decrease of only 207 from tre optimum cone angle, When this is
comrarcd with the lethal area of the T30E2 canister (1620 scvare fert),
the drop is insignificant.

36, It is thus evident trat .all combinations of an 8=-grain
fragment and a cone angle larger than 60 will yield from 14 to 18 times
the lethal potential of the T30F2 canister. Below 60 or 8 grains,
the letial area falls off rapidly. Fleclette weiphts greater than
8 grains (up to 18.5 grains) will not produce large decrcases of
letral arca, if the cone angle is aprroxirately 6°, For larger cone
angles, !cwever, the decreases with increasing frarment size are
sigrnificant, Threse conclusions are, of course, tentative since they
are subject to the restrictions of the order=-of-magnitude analysis
conducted.

37. The concept of restricted cone angles of dispersion is a
relatively recent one for canister ammunition. All yrevious ball
and slug loaded items have been designed for the maximum spread ob-
tainable (limited by the twist of weapon and usually 9-14°, Refs 2 and
11). Since the lethal ranges attained by trese items were comparatively
short, scrious deviations from the optimum did not occur (the present
study indicated that the shorter tre lethal range, the larger the op-
timum cone angle). For the longer ranges obtained with flechette pay-
loads, however, more serious discrepancies are present, Restricted cone
angles are thought to be obtainable by the use of restraining matrix
materials or by substituting smaller and weaker rotating bands or by
combinations of the two., It is recommended, however, that experimental
confirmation of the present theoretical work be obtained before ex-
penditures are made on canister models exbibiting the restricted cone
angle properties described herein,
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TABLE 1

PARANTTTRS COM''ON TO ALL DESIGNS

Muzzle Velocitys 2030 feet/ses

Maximum Cone Anples 13,58 (Reference 3)
Projectile "eights 14.7 1lbs

Payload: 41% (€0 1bs)

Assume: 20% Fragment Damage Due to Setback

Fffective Payload: 4.8 1bs
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